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Isolated cases of meningitis attributable to Torula histolytica
had been described, possibly as early as 1861,25 but it remained for
Stoddard and Cutler2" in 1916 to segregate these cases, on the basis
of clinical and pathological findings, from many other instances of
infections by yeast and yeast-like organisms. They describe two
additional cases and carefully studied the causative organism. On
the basis of cultural characteristics and animal inoculation experi-
ments, they established beyond doubt that Torulainfection, oidiomy-
cosis, and coccidioidal granuloma can be clearly differentiated.
The name Toruda histolytica was introduced by Stoddard and
Cutler. They were of the opinion that the organism had not been
previously described, but it has subsequently become evident2 that
the organism is identical with Cryptococcus homin*s, described by
Busse7 and Buschke5 some twenty years earlier. The introduction
of the new name was based upon an erroneous statement by Buschke'
that Cryptococcus honu'is formed spores.
Torulae are yeast-like organisms usually dassified as one of the
Hyphomycetes or fungi imperfecti, inasmuch as sexual reproduction
is absent or unknown. The organism resembles true yeasts in that
it reproduces by budding, but differs from the true yeasts in that it
is incapable of fermenting sugars except to the extent of slight acid
formation in a few instances. The reader is referred to papers by
Benham' and Stovall and Bubolz22 for details of morphology, cul-
tural characteristics, and sugar reactions.
Case report
(N. Y. H. No. 252,339). The patient, a 39-year-old German-born
housewife, who had lived in New York City for 18 years, was admitted to
the Medical Service of the New York Hospital on December 20, 1939, com-
plaining of headaches for 4 months and progressive loss of vision for 2 weeks.
Past history. The patient had a rash on both forearms 10 years before
admission, which disappeared following treatment with ointments. For the
6 years preceding admission, she had had a pruritic eruption on the scalp
which had been refractory to treatment.
Present illness. Four months before admission the patient noted the onset
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of severe headaches, chiefly frontal in distnrbution, and described as "burst-
ing" in character. These were relieved only transiently by aspirin. Two
months before admission there was aching pain in the occipital region, radiat-
ing forward to the frontal region and down the neck to the shoulders and
arms. The pain was at times "sharp and needle-like" and tended to come in
paroxysms. Progressive blurring of vision was noted during the 2 weeks
preceding admission to the hospital.
Physical examination. Temperature 37.60. Pulse 72. Respirations 20.
Blood pressure 130/68. The patient was a well-developed and well-nourished
white woman who did not appear ill. Over the occiput there was a patch of
dry, scaly, erythematous skin measuring 6 by 8 cm., which was diagnosed
lichen simplex chronicus. A papilledema of 2 diopters was present. The
veins of the fundi were distended. There were several pin-point hemor-
rhages in the vicinity of the optic discs. Repeated neurological examinations
by several observers gave no constant or localizing signs.
Laboratory findings. Red blood cells 5.7. Hemoglobin 96 per cent
(13.9 gm. per cent). White blood cells 5200. Spinal fluid cells 30 to 90
per cu. mm. (2 to 18 polymorphonuclears; remainder "lymphocytes"). Pro-
tein 100 mg. per cent; chlorides 640 mg. per cent. The colloidal gold curve
was flat. The spinal fluid Wassermann was negative. Culture of the scalp
lesions yielded Staphylococcus aureus hemolyticus.
Course and treatment. Ventriculograms and audiograms were normal.
A tentative diagnosis of intracranial neoplasm was made, but craniotomy was
deferred while the scalp lesion was actively treated. The intracranial pres-
sure increased progressively, necessitating repeated ventricular taps and, finally,
a subtemporal decompression on the 24th hospital day.
The scalp lesions improved markedly and a suboccipital exploration was
done on the 36th hospital day. No tumor was found. A biopsy was taken
from the meninges of the cerebellum. A report by the bacteriologist was
received on the same day, describing a yeast-like organism in the spinal fluid,
subsequently identified as Torula histolytica. Examination of the biopsy speci-
men confirmed the diagnosis of Torulosis. The patient expired in deep
coma on the third postoperative day.
Postmortem examinaion
Gross. Reflection of the scalp exposed a marked herniation of the tempo-
ral lobe through the operative defect in the cranium in the temporal region
on the right side. In the subdural space there was slightly sanguineous, gela-
tinous fluid. A moderately thick, white exudate was present over the temporal
poles, the frontal lobes, in the interpeduncular space, and about the pons.
Torula histolytica was recovered in cultures of this exudate. There was a
small subarachnoid hemorrhage on each side of the pons. Slight internal
hydrocephalus was present.
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The dura covering the spinal cord was extremely tense. After incision a
large quantity of slightly sanguineous, gelatinous fluid escaped. In the sub-
arachnoid space about the lower two-thirds of the cord was a grayish brown
exudate. The parenchyma of both the brain and the spinal cord was free
of gross lesions.
The pleural surfaces of the left lower lobe of the lung were hemorrhagic.
Fairly firm adhesions were present between the lung and diaphragm on this
side. The left pleural space contained 75 cc. of dirty sanguineous fluid. The
lower lobes of both lungs were subcrepitant. In the left lower lobe were
small nodules of increased density and on section multiple small thrombi were
present in the arteries. A cyst-like cavity measuring 1.5 cm. in diameter
was present near the diaphragmatic surface of the left lung. The walls of
this cyst were smooth and no communication with bronchi or bronchioles
was found. Hemolytic Staphylococcus aureus and non-hemolytic streptococcus
were recovered from both the lung and the pleural exudate.
Cultures of lung, liver, and spleen were negative for Torula histolytica.
Microscopic. Tissue from various parts of the cortex, as well as from the
spinal cord, olfactory bulb, optic nerve, and periventricular regions was
embedded in celloidin. Sections were stained by hematoxylin and eosin,
Masson's trichrome, toluidin blue, Nissl's method (using cresyl violet), silver
carbonate for microglia, and Loyez' method for myelin sheaths. Frozen sec-
tions were also made and stained for fat, neuroglia, and microglia.
The leptomeninges were thickened and covered with a cellular exudate
(Fig. 1). The most notable feature of this exudate was the presence of a
large number of giant cells. These were of different sizes and of two types.
In one variety the nuclei were arranged near the periphery of the cell and
in the other the nuclei were clumped in the center of the cell. Both types
contained yeast organisms. Close to the surface of the brain there were many
lymphocytes and some plasma cells in the exudate. Occasional large mono-
nuclear cells were present and contained small fat droplets in their cytoplasm.
No polymorphonuclear leukocytes were seen.
Both intra- and extra-cellular Torulae were scattered everywhere within
the meninges. In addition, there were clumps of yeast cells found in round
or oval cystic cavities in the gray matter of the cortex. These were situated
just beneath the surface of the brain and were confined chiefly to the temporal
lobes (Fig. 2). None was found in the spinal cord. Within these cystic
lesions were also small numbers of large phagocytes and small mononuclear
cells resembling lymphocytes. The surrounding tissue presented no inflamma-
tory response. There were organisms in and about the olfactory bulb and
within the sheath of the optic nerves. These Torulae were extra-cellular.
There was some fibrous thickening of the arachnoid about the optic nerves
and occasional small mononuclear cells were present. Torulae were also
present in the pia-arachnoid about the spinal cord. The exudate in this loca-
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tion was, in all respects, similar to that in the meninges of the brain. Extra-
cellular Torulae were seen also within the lumina of arteries in the pia, in the
perivascular space of vessels in the brain itself, and within the walls of some
arteries just outside of the internal elastic membrane. Near the ependymal
lining of the lateral ventricle there were many thick-walled blood vessels with
an exudate oflymphocytes in and about the vessel wall (Fig. 3). About many
of the blood vessels of both the gray and the white matter were collections of
"gitter" cells laden with fat droplets. Throughout the cortex, even in
regions where no Torulae were demonstrable, there was a marked increase
in the microglia. These elements were enlarged in many instances, but con-
tained no fat droplets.
The yeast cells varied greatly in size. A well-defined, clear capsule sur-
rounding the deeply stained central portion of the cell, could be most easily
seen with cresyl violet stain. The Torulae contained fat droplets which were
confined to the central sphere of the organisms. Buds were present on a few
of the yeast cells (Fig. 4). Some of the organisms had the appearance of a
crescent, while others looked like a deflated rubber ball, one half of which
had been invaginated or pushed into the other half.
The wall of the lung cyst was made up of necrotic material in which were
many clusters of Gram-positive cocci. Beyond this inner wall were many
polymorphonuclear leukocytes and large mononuclear cells. Careful study,
both of routine and of specially stained sections, failed to reveal any Torulae.
Sections of scalp were studied for possible evidence of Torula infection,
but none was found.
Anatomical diagnosis. Meningo-encephalitis due to Torula histolytica;
early internal hydrocephalus; hemorrhagic infarct of left lower lobe of lung,
with thrombi in pulmonary artery; fibrinous pleurisy on left side; bronchiitis;
bronchopneumonia; cyst of lung; hyperplasia of the tracheobronchial and
mesenteric lymph nodes.
Discussion
This is the seventieth reported instance of Torula histolytica
infection of the central nervous system. The statistical analysis of
Freeman" andLevin"7 of thepreviouslyreported cases, as well as a
review of the subsequently reported cases (References' 1, 11, 12, 13, 18.
and20), show that our;case has the usual clinical and anatomical
features.
The-infection has been reported twice as frequently in males as
in females. Race, habitat, occupation, and economic status seem to be
unimportant. All age groups are susceptible, but most cases have
occurred between 20 and 60 years of age and have been about
equally divided among the several decades.
The clinical picture is usually that of a chronic meningitis and
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the diagnosis depends simply upon the demonstration of the etio-
logical agent. In routine examinations of the spinal fluid, how-
ever, the organisms are easily mistaken for lymphocytes by the
unsuspecting observer.
The findings which have been recorded at postmortem examina-
tion deserve some comment. The infection was generalized in only
one-seventh of the cases and in almost one-half of the cases the
meninges alone were involved and there was little or no invasion of
the parenchyma. Lesions in the parenchyma are almost always con-
fined to the brain, but a few instances have been reported in which
the spinal cord has been similarly involved."4 Parenchymal lesions
are of two sorts. The usual lesion is in the outer portion of the
cortex and is assumed to arise by extension along the course of the
vessels into the brain. Less frequently one finds deeply placed
lesions lying chiefly in the gray matter of the basal ganglia. These
occur in instances where involvement of other organs is present and
are thought to result from spread of the infection by way of the
blood stream."4
Lesions in the other viscera are usually of a granulomatous
nature with giant cell formation and variable amounts of fibrosis.18
Coincident lymphomatosis has been reported in- a number of
instances.8' 13 15 19 Mallory8 states that he has personally seen five
cases of Torulosis associated with lymphoblastoma (four Hodgkin's
disease and one lymphosarcoma). Some of the earlier investigators
found Torulae in tumors and assumed24 that they might be the etio-
logical agent in the formation of certain neoplasms.
The uniformly fatal outcome of Torula meningo-encephalitis is
well established. It is important to point out, however, that local-
ized cutaneous, oral, or osseous lesions may occur without extension
of the infection and with complete recovery.4 Such cases, however,
are characterized by persistent high fever and leukocytosis,14 features
which are foreign to Torula infection of the central nervous system.
Although Torula meningo-encephalitis is usually fatal within less
than 6 months, at least one patient is known to have survived for
as long as 6 years.
The mannerin which Torula infections of the nervous system are
acquired is unknown. Organisms resembling Torula histolytica are
widely distributed in nature.24 They have been cultivated from
plants, the bodies of insects, milk,18 normal skin,3 the throat,2'23 and
the gastro-intestinal tract of man.' The pathogenicity of these
471YALE JOURNAL OF BIOLOGY AND MEDICINE
organisms is not established. Inasmuch as the meninges alone are
frequently involved, many have assumed that the portal of entry
is probably the nasal passageway. No clue as to the probable portal
of entry in the present case was afforded either by the clinical history
or by the anatomical findings.
A iimal inoculation
An attempt was made to secure by animal experiments further
information concerning the portals of entry and the manner of
spread of the infection. White mice were inoculated by various
routes with 0.5 cc. of a saline suspension of a culture of the patient's
cerebrospinal fluid. This suspension contained approximately 3,000,-
000 organisms per 0.5 cc. The duration of life and the extent and
severity of the lesions are summarized in Table 1.
TABLE 1
Duration of
life after Site of lesions
Portal of infection ,-A
infection (days) Brain Lung Liver Spleen Kidney
Intracerebral 6 + + - +
6 + ++ _ +
6 + ++ _ +
8 + 4+ + ++++ +
Intravenous 8 -i--H- ++++ + +
8 + ++++ + +
8 -H -H- + +
2 + 11H + 0 -H
2 + ++ + - H
Intraperitoneal 28 + -1 - --H-
30 + - _ + _
61 ++ +-H + + +
21 H + ++
Intratracheal 30 - H - 0 +
120S - H H - H
Subcutaneous 65 - H
120 - H - -
120S - - - _
S = sacrificed.
H ? healing lesions; no Torulae demonstrable.
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Another group of 14 animals was given intranasal instillations
of a saline suspension of organisms. The total dose in each of these
animals was approximately 120,000 organisms. In most instances
chronic rhinitis or sinusitis, or both, were the only evidences of
infection when death occurred or when the animal was killed. In
one case pulmonary lesions were also present. In no instance was a
lesion of the nervous system produced in the absence of systemic
involvement.
The most striking characteristic of the lesions in mice is the
lackorpaucity ofinflammatory response. In the lungs, for example,
the alveoli and their walls often contain large numbers of organ-
isms in some places with little or no cellular response, while else-
where there are large mononuclear cells with slightly eosinophilic,
vacuolated cytoplasm. The source of these cells is not dear, but
they engulf the Torulae and are found in the alveoli. The organ-
isms continue to grow andeven to bud within these cells. The cyto-
plasm of the macrophage becomes thinned to a mere shell about the
organism and serves to delineate sharply its dear capsule, which
ordinarily does not stain. Many of these Torula-laden cells may
occur side by side so that large clusters of Torulae may be separated
from one another by a delicate eosinophilic network which is in
reality the cytoplasm of these macrophages. The nuclei are com-
pressed at one side of the macrophages. No giant cell formation
is observed. In other macrophages where the cytoplasm is less
compressed, it is vacuolated, suggesting that these macrophages con-
tain fat,butpreparations stained with Sudan IV failed to confirm this
impression. Fatdroplets are invariably present, however, within the
organisms themselves and they tend to form a cluster near the
periphery at one side of the cell. In most preparations there are
numerous green-black pigment granules within the organisms and
lying free in the alveoli. These do not contain demonstrable iron.
Both the fat droplets and the pigment granules are shared with the
daughter cells when budding occurs.
Lesions in the spleen begin with the deposition of one or two
organisms in the periphery of the Malpighian corpusdes. Subse-
quent multiplication of the organisms and ingestion by phagocytic
cells resembling those in the lung result in almost complete replace-
mentofthe Malpighian corpuscle. Pigment similar to that described
in the lung occurs both in the organisms and free in the splenic
sinuses. An occasional polymorphonudear leukocyte is present but
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there is little or no myelogenesis such as one ordinarily sees in the
mouse spleen with infection.
When the kidney is affected, cyst-like lesions are usually
arranged in lines, extending from the capsule to the papilla, and
situated between the tubules. They compress the adjacent cells as
they grow, eventually bringing about destruction of these cells. In
most instances no inflammatory response is apparent, but occasionally
a macrophage or polymorphonudear leukocyte is present. Fre-
quently the Torulae become lodged within the lumina of glomerular
capillaries where they proliferate and eventually completely replace
the glomerular tuft. An occasional organism is present in the
tubules, butthere is no evidence thatthey proliferate in this location.
The lesions found in the liver are insignificant. Solitary organ-
isms situated between liver cords in the mid-zone of the lobules may
proliferate to form four or five Torulae but rarely more. Large
mononuclear cells like those seen elsewhere engulf the organisms.
Pigment granules are conspicuous in both the Torulae and the
phagocytes.
Of particular interest are the lesions of the nasal mucosa that
usually follow nasal instillation of the organisms. These occur
most commonly at the very apex of the nasal vault but are also to
be observed on the turbinates, on the septum, and in the sinuses. At
the onset, the nasal epithelium may be intact except for one very
small area and yet for a considerable distance it may be "under-
mined" by a large number of the organisms. Eventually, complete
disruption of the mucosa occurs and massive cyst-like structures are
formed. The same pale, eosinophilic, vacuolated cells phagocytise
the organisms in this location. In several instances we were able to
demonstrate lesions immediately beneath the cribriform plate, but
in no instance had evident extension of the infection into the nervous
system occurred.
Extensive destruction of nervous tissue usually occurs when the
brain is involved and large cystic lesions involving both gray and
white matter are present in the parenchyma, though here no cellular
response was seen. In the meninges, the same pale, vacuolated,
phagocytic cells described previously are present. Giant cells do
not occur.
In the bone-marrow of the skull, normal erythrogenesis and
myelogenesis were found. The long bones were not examined.
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Summary
A case of Torula meningo-encephalitis in a housewife 39 years
old is described. The history was of four months' duration. The
lesions of the central nervous system were characterized by the
presence of mononuclear phagocytic cells and giant cells. No other
viscera were involved.
The organism recovered from the cerebrospinal fluid was patho-
genic for mice, as evidenced by the existence of lesions at the time
of death, or when killed, in 36 of 40 inoculated animals.
The lesions produced in mice were most frequent and extensive
in the lungs, but extensive lesions were also common in the brain
and kidney. The liver and spleen were involved less frequently and
the lesions were smaller. Large mononuclear cells were present in
most of the lesions; many of these cells contained Torulae.
Attempts to establish meningitis or encephalitis without involve-
ment of other organs failed, although lesions of the nasal mucosa
near the cribriform plate often followed intranasal instillation of
organisms.
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FIG. 1. Meningeal exudate showing several large giant cells containing encap-
sulated organisms. Hematoxylin and eosin. x420.
FIG. 2. Cyst-like lesion containing numerous organisms near cortical surface of
the temporal lobe. Cresyl violet. x420.
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br.. ..FIG. 3. Perivascular infiltration of lymphocytes near the ependyma of the lateral
ventricle. Masson's trichrome stain. x420.
FIG. 4. Budding Torulae. Cresyl violet stain. x 1853.